Raspberries are known to have an abundant amount of the health promoting bioactive compounds, and increasing consumption has been associated with prevention of several chronic diseases. Growing fruits hydroponically compared to soil-grown has several environmental benefits and can be an option of sustainable food production in non-arable regions of the world. This research investigated the viability, unspecified sensory differences, ascorbic acid, tocopherol, total polyphenolic bioactive compounds and catechins of hydroponic raspberries compared to soilgrown raspberries. Overall, plant survival rate for hydroponic raspberries was 33% and for soil-grown raspberries, it was 66%. Fruit yield per plant was 10% higher in hydroponic raspberries compared to soil-grown. Sensory evaluation results by untrained participants illustrated that they were unable to differentiate between hydroponic and soil-grown raspberries. Nutritional analysis indicated similar values except for ascorbic acid, which was significantly higher in soil-grown raspberries. Growing raspberries hydroponically is feasible and sensory qualities are equal to soil-grown raspberries. Future research should investigate different methods of growing hydroponic raspberries for higher plant survival rates and eventually to determine if hydroponic raspberries may be grown on a commercial scale.
Methods

Growing Methods
Growing methods have been described previously and are outlined in Figure 1 [3] . Hydroponic and soil-grown raspberries were grown at the University of Nevada, Reno (UNR) Experimental Station [3] . Both hydroponic and soil-grown plants were planted in the spring of 2015. Throughout the growing season, the temperature in the greenhouse was kept at 21˚C between 5:30 AM to 6:30 PM and 16˚C between 6:31 PM to 5:29 AM [3] . The relative humidity was 30%. Bare-root raspberry plants ("Heritage", Rubus idaeus) were ordered from Stark Brothers Nurseries & Orchard Company (Louisiana, MO). Six raspberries plants were placed in soil conditions according to instructions provided by the nursery. The soil conditions consisted of 1:1 ratio of ratio of Miracle-Gro ® potting soil (Marysville, OH) and Nevada topsoil [3] . The bare-root plants were placed in the soil mixture in 50-gallon barrels with drainage holes at the bottom. The raspberries were watered three times weekly for 20 minutes using a drip-irrigation system.
For the hydroponic system, bare-root plants were planted with hydroton (Reno, NV) and placed in 19-gallon buckets (United Solutions, Reno, NV). Water was pumped from the water reservoir using 500 gallon per hour Pro Pump (Hydrofarm, Denver, CO.) by means of polyvinyl chloride and the drip tubing then distributed water Figure 1 . Design for experimental treatments. Schematic illustrates the randomization of the hydroponic (H) and soil-grown (C) growing conditions. Water and nutrient reservoir is indicated by "R". over the hydroton. The 19-gallon buckets had holes drilled in the bottom and were placed on top of fifty-gallon barrels where the water could then drain back into the water reservoir. The pH and parts per million (ppm) was measured using Hanna Instruments 9813-6N waterproof pH/EC/TDS meter (Carrolton, TX). The pH of the water in the reservoir was kept in slightly acidic conditions, between 5.8 -6.2 and adjusted triweekly [3] . The nutrient solution was General Hydroponic Flora Series (Sebastopol, CA) and the concentration averaged at 500 parts per million (ppm). To support the berries, a T-hedgerow system was constructed from polyvinyl chloride.
Pest Management
Pests are prevalent in greenhouse settings since the favorable growing climates provide optimum conditions for breeding and reproduction of the pests. In the UNR greenhouse, spider mites infected the plants. To generally manage the infestation, all plants were sprayed with water three times weekly to prevent dry, hot growing conditions spider mites thrive in. The spray solution was made with one teaspoon of dish soap mixed with one liter of water and sprayed on the plants. The solution was allowed to sit on the plants for 30 minutes, and then thoroughly rinsed with water. This method was used up to once per month and was marginally efficient at controlling the infection on the plants. For a more aggressive approach, PyGanic® (MGK, Minneapolis, MN) was used. PyGanic® is a pyrethrum containing, organic broad-spectrum contact insecticide, sprayed twice a month as spider mites were detected on and around the plants.
Sensory Analysis
Participants in the sensory analysis were undergraduate or graduate students at UNR. The study (project number: 583149-1) was approved by the Institutional Review Board. The participants were recruited using an approved recruitment script and asked to taste raspberries. Participant demographics are outlined in Table 1 . Eighty percent of the students were female, 73% were between the ages of 17 -29 years old. As noted from questionnaires, raspberry consumption of the participants varied between "once per day" and "rarely". The majority (81%) of the participants were of White ethnicity. The unspecified tetrad test was used to determine if participants could differentiate between the hydroponic and soil-grown raspberries. This method has advantages compared to other discriminatory tests by increasing power and reducing variation among samples as explained by the Thurstonian theory [14] [15] . The analysis was conducted in the UNR sensory analysis laboratory on campus. The laboratory was designed according to American Society of Testing Materials standards. The raspberries used for evaluation were harvested on the same day they were sampled by participants. The raspberries were rinsed with tap water and served in a two ounce clear plastic cup coded with a random three digit number.
Nutritional Analysis
Materials and Equipment
The raspberries were stored at −70˚C Thermo Scientific TM Revco TM in a higher performance lab freezer (Thermo Fisher Scientific, Waltham, MA) until ready for nutrient analysis. Raspberries were randomly selected for analysis by hand. Raspberries were rinsed with deionized water to removed dirt residue and allowed to dry on a paper towel before analysis. For all assays and high performance liquid chromatography (HPLC) analysis, a Brinkmann Instruments Polyton homogenizer (Kinematica, Bohemia, NY) was used for homogenization of the raspberries. Chemicals purchased from Fischer Scientific (Fair Lawn, NJ) were: thiourea, copper sulfate, and 85% orthophosphoric acid. Chemicals purchased from Sigma-Aldrich Cooperation (St. Louis, MO) were: sulfuric acid, trichloroacetic acid, 2,4-dinitrophenylhydrazine, L-ascorbic acid, ferric chloride, xylene, bathophenanthroline, (±)α-tocopherol, Folin-Ciocalteu, catechin, methanol, hydrochloric acid and acetic acid. Absolute ethanol was purchased from pharmco-AAPER, Kentucky.
Ascorbic Acid and Tocopherol Analysis
Procedures have been described in detail previously [3] [16] . Briefly, 10 grams (g) of berries were homogenized with 10mL of cold 20% trichloroacetic acid (TCA). Activated carbon (0.1 grams) was added to the mixture to remove color intensity and the mixture was allowed to sit overnight and then filtered using Whatman no. 2 filter paper [17] . L-ascorbic acid was used to create a stock solution with 5% TCA between 0 -120 μg/mL. The liquid after filtering was extracted into new test tubes containing 900 μg/mL 20% TCA and 1mL of a mixture of 2,4 dinitrophenyl-hydrazine (DNPH), thiourea, copper in the presence of sulfuric acid was added to all samples, standards and blank. All tubes were incubated at 37˚C for three hours and then 1.5 mL of ice cold 65% sulfuric acid was added to all samples, standards and blank and allowed to sit for 30 minutes. The absorbance was read at 520 nm. The samples were compared to the linear regression created from the known standards and the reproducibility was measured added by adding a known amount of the sample to determine recovery, which was 113% ± 2.0%. For the tocopherol analysis, 10 g of raspberries were homogenized with ethanol and then 1.2 mL of xylene was added. Samples were centrifuged at 7˚C for 20 minutes at 3500 rpm. The organic layer was removed and added to new test tubes with 400 µL of bathophanthroline. Ferric chloride (400 µL) was added to new tubes with 400 µL of orthophosphoric acid. Standards with α-tocopherol were made in a similar fashion between 0 -50 μg/mL for the linear regression to compare the samples [3] . All samples, standards and blanks were read in triplicate at 530 nm [18] .
Total Polyphenolics
Ten grams of raspberries were homogenized with 10 mL ethanol. Deionized water (1.58) mL and Folin-Ciocalteu reagent was added to all samples, standards and blank. Standards were made using the same method with gallic acid ranging from 0 -300 mg GAE/L [3] . Sodium carbonate (25%) was added to all samples, standards and blank and was incubated at 40˚C for 15 minutes and measured at 690 nm [19] .
Catechin Analysis
Procedures for extraction and detection have been described previously [20] . Ten grams of raspberries were homogenized and extracted with ethanol, water and 0.12 M hydrochloric acid (70:29:1 ratio) for four hours. The extracts were centrifuged and the extracts were purified through a Sep Pak Plus C-18 cartridge (Alltech, Grace Davison, Baltimore, MD). The extract was then diluted in a 1:5 ratio with water and filtered though a 0.45 μm cellulose filter (Thermo Scientific, Waltham, MA) after it was washed with water and eluted with 2 mL of methanol. A reverse phase C18 column (Agilent 250 × 4.6 mm) was used for the HPLC system with a visible/UV detection (Agilent HPLC 1100). The data were processed using Chem Station A10.02 (Agilent Technologies, Folsom, CA) software package. The system was eluted with water, methanol, and acetic acid to detect the catechins with a flow rate of 0.8 mL·min −1 with a 20 μL injection volume. Samples were compared against the retention times of the standard and quantified by the linear regression equation created from the standards (R 2 = 0.99).
Statistical Analysis
Data were analyzed using IBM SPSS Statistics®, version 23.0 (IBM, Armonk, New York, USA). Differences between masses and nutritional content of the raspberries were determined by the independent t-test. The tetrad test results were analyzed by calculating the d' test statistic. Since d' of 1 is considered the threshold for psychophysics, a d' of less than 1 was considered a value where the majority of students could not tell the differences between the two products. Sample sizes for the tetrad test was calculated at α-level = 0.05 and power = 0.8 [21] .
Results
Viability of Raspberries
Plant survival rates are outlined in Table 2 . Soil-grown raspberries had a much higher survival rate (66%) compared to hydroponic raspberries (33%). The raspberry yields and weights are outlined in Table 3 . Both plants produced fruit during the months of August and September; however, the hydroponic plants started producing fruit two weeks prior to soil-grown plants. Both of the growing systems stopped producing fruit during the last week of September. During the month of August, the hydroponic raspberries and soil-grown raspberries had similar weights. During September, the hydroponic raspberries had a significantly higher mass compared to the soil-grown raspberries. The yield of raspberries was calculated per surviving plant. Results are shown in Figure  2 . Hydroponic raspberries produced 10% more raspberries per plant compared to the soil-grown plant. Overall, the soil-grown plants produced more raspberries because of the higher plant survival rate.
Sensory Analysis
Results for the tetrad test are shown in Table 4 . Findings indicate 42% of participants could correctly identify the unspecified differences between hydroponically and soil-grown raspberries. A d' of 0.8 was calculated at the 5% level of significance. From this, it can be concluded that the majority of participants could not discriminate between hydroponically and soil-grown raspberries.
Nutritional Analysis
The results of the nutrient analysis are outlined in Table 5 . Ascorbic acid was the only nutrient that showed statistical differences, with the soil raspberry significantly higher amounts (p < 0.05). Tocopherol, total polyphenolic compounds and catechin content were similar in the hydroponic compared to the soil-grown raspberry.
Discussion
Growing produce by hydroponic methods is gaining momentum and more consumers are becoming aware of the plentiful advantages of soilless growing. This study showed that hydroponic raspberries yielded a higher number of berries compared to soil-grown plants. However, our overall plant survival rate for both soil and hydroponic conditions was less. Part of our low plant survival rate can be attributed to an aggressive spider mite infection. However, hydroponic plants are known for their pest resistance. Low plant survival rate of the hydroponic raspberry plants may be attributed to the growing system and the supports we provided for the plant, which was large and prone to maintenance technicality issues. For instance, the system was prone to leaks and not efficient at adjusting and monitoring pH and ppms because of using a single reservoir. If hydroponic raspberries could be grown with a high survival rate for several growing seasons, it may be possible to grow hydroponic raspberries on a commercial scale. A previous study investigating nutritional quality of hydroponic compared to soil-grown raspberries indicated significant differences in sugars, ascorbic acid, and total polyphenolic compounds [3] . These study results were grown in a similar system but during a different growing season. The results in the previous year showed the soil-grown raspberries having higher amounts of ascorbic acid and total polyphenolic compounds. This study showed differences only with the ascorbic acid content and similar nutritional values among the other nutrients studied. Previous literature has indicated nutritional content variation across seasons and factors influencing nutritional composition of a product are multi-variant. Some of these factors include: weather, climate, geographical region, sunlight, and post-harvesting factors [22] . The differences in the current study compared to the nutritional value of the previous study can be attributed to the differences between the two growing years.
Among investigating differences in feasibility, determining the growing system which yields a higher or equal nutritional content compared to soil-grown produce will be important for the success of hydroponic farming. Along with determining nutritional factors, sensory ratings equal to or better than soil-grown produce will be essential, because taste is one of the most important factors a consumer will consider when purchasing and consuming a food product [23] . The participants contributing to the sensory panel for hydroponic compared to soil-grown raspberries were untrained, and study results showed that 42% could discriminate between the different raspberries. From these results, it can be concluded that in general, consumers are not able to differentiate between the two berries. However, more research should be done to confirm these findings. Although our panel sample size was somewhat small (N = 113), the tetrad test offers advantages of increased statistical power and requires a smaller sample size compared to the traditionally used triangle test to achieve statistical significance [14] [21]. The tetrad test has a psychometric function that is intermediate between two commonly used sensory tests (i.e., triangle and 3-alternative forced choice test) and because of this, it has been confirmed the tetrad test has a higher power compared to others [21] . The sample size this study was 113 participants and is large enough to confirm a d' of 0.85 at a power of 0.8 [21] . This study is limited in that results cannot be confirmed until the next harvest season. Further, when the study is repeated, larger sample sizes with different demographics should be considered. Our panel was limited to students enrolled at the UNR, and the majority of the participants were female, aged 17 -29 and White. Future research should use a larger sample size and a wider demographic to ensure results are generalizable.
Conclusion
Sensory evaluations results show that student volunteers may not be able to tell the taste differences between the hydroponic and soil-grown raspberries. The unspecified tetrad test shows that hydroponic raspberries may be comparable to soil-grown raspberries among the participants. This could be particularly advantageous in nonarable regions of the world, such as arid or urban regions to produce an attractive and flavorsome product to consumers. Although more research is warranted, growing fruits such as raspberries using hydroponic growing systems in greenhouses can complement sustainable local food production.
